Introduction
The H ion is the simplest two-electron system to describe quantum mechanically and has therefore attracted much theoretical attention as a proving ground for models and their extensions to more complicated systems. It also is of practical interest to astrophysics, to neutral beam injection for fusion and to accelerator design.
The structure of H is closely related to resonances in electron-atom scattering and in photodetachment.
Unfortunately, the resonance region of H is difficult to study experimentally.
The photon energies required for photodetachment lie in the vacuum ultraviolet region where no tunable lasers yet exist.
The combination of establishing a monochromatic electron beam and a source of atomic hydrogen for scattering experiments has been a difficult problem. Stark studies of the lower lying states require electric fields on the order of megavolts/centimeter which are not available in the laboratory.
Method
We have overcome the experimental difficulties in the case of photodetachment by exploiting the large Doppler shift that results from colliding a relativistic H beam with the photon beam from an ordinary ultraviolet laser. The scintillators were originally added to look for the 11+ signal from double photodetachment, but they will now be a regular feature. The improved time resolution of the scintillators (5 ns) has allowed us to increase the 11 ion current to >100 nA without significant backgrounds from residual gas stripping. The H beam is bent by the upstream magnet and then bent b)ack into a Faraday cup by the downstream magnet.
The H+, H0, and eC, which are created by photodetachment or gas stripping between the two magnets are directed into their respective scintillators. This arrangement protects us from the situation where the beam suddenly becomes entirely e+ due to the insertion of beam diagnostic devices upstream.
Results
We have reported our observations of the lp "shape" and Feshbach resonances near the n = 2 region1, the induction of the 1S by Stark mixing2, and the observation of two resonances just below the n = 3 threshold3.
We will only discuss our most recent results here.
Threshold Region for Single Photodetachment
A closeup of the threshold region near 0.75 eV is shown in figure 2 .
These data were taken with the fundamental frequency of the YAG laser (E = 1.1649 eV). They were fit to a power law of the iorm
The nonlinear optimization routine MINUIT4 was used to minimize the x2 between the theoretical curve and the experimental data. The background term, C, is believed to be due to laser photons that are reflected backward from the photon beam stop. Both A and C are subject to an overall arbitrary normalization.
If the threshold dependence follows the Wigner law5, then the exponent n should be equal to 3/2. This data, which ranges up to 0.060 eV above threshold, is clearly not consistent with the Wigner exponent.
However, we know that the threshold law is only valid over a small energy range above threshold.
DOWNSTREAM MAGNET
As we restrict the fit closer and closer to threshold, the exponent approaches 3/2. The Wigner law appears to be applicable only over the first 0.025 eV above threshold.
The threshold, Eo, is relatively insensitive to the energy range used in the fit. The error on Eo of 0.0007 eV is statistical only; the possible systematic error is much greater. The zero of the angle measurement and the velocity of the beam must be known in order to fix the energy scale. In this particular case, the velocity of the beam is unimportant since we are working very near the Doppler free angle where Eq. (3b) goes to zero. Our possible systematic error of 0.005 eV comes entirely from the fact that we neglected to scan the threshold region on both sides of the H beam. If we simply do this in a future experiment, we can reduce the systematics to =0.001 eV. However, even with the large systematic uncertainty we can still quote the best experimental determination of the binding energy of the H ion.
A comparison of several experimental and theoretical determinations is shown in Table I (5) where n ranges between 1.0 and 1.5 depending upon the degree of correlation. The best accepted theoretical (5) time, and y is the time dilation factor.
For the 800-MeV ion beam at LAMPF: y3c = 46.7 cm/ns.
In addition to the usual crossed beam apparatus, a weak magnet will be placed just downstream of the interaction region.
The angle at which a detached electron emerges from the magnet will depend upon the position at which the decay occurred. An electron detector can measure the angular distribution with sufficient precision to determine lifetimes in the range 4.3 x 10-12 s to 6.4x 10o1l s.
The next step will be to use the apparatus to search for the very narrow recursions of the Feshbach resonance which are now believed to be obscured by the short-lived continuum states.
Hi Ions in Very High Fields14
The shape resonance near the n = 2 threshold has resisted quenching by the strongest fields that we have yet been able to apply ("1.2 MV/cm). Our limitations on the field have not been due to the modest magnetic fields required but are due to the problems of mounting a more massive magnet in a confined space, cooling it in a vacuum, and its effect on the trajectories of the detached electrons.
These problems will be solved by detecting the HO atoms instead of the electrons since their trajectories are relatively unaffected by the field and by using a pulsed air-core magnet to provide the field.
The magnet and its pulsing circuit have already been developed to fields of "10 kG.
Exploratory Work with Atomic Hydrogen15
A relativistic atomic hydrogen beam is easily produced by stripping the H beam in a thin foil or in a strong magnet. The Lyman series is easily excited by a single Doppler-shifted photon.
These excited states can then be detected by photoionization with a second photon or by stripping in the motional electric field due a magnet.
We have demonstrated the feasibility of both techniques.
The data for the field-stripped atoms is shown in figure 4 .
The exploratory work will include high-field Stark studies of the low-lying states, an improved calibration of the 11 Feshbach resonance using the Lyman series, and high resolution (10-3 eV) threshold photoionization measurements in a higher electric field regime than ever before.
These high electric field studies will require the further development of our pulsed magnet to >50 kG.
